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Specifications 

1. Title of Invention: 

1 -Substituted-2-pheny lindole derivative 

Claims: 

(1) Compounds which comprise l-substituted-2-pheny lindole derivatives expressed 
by the formula 

a, 

(I) 

wherein Ri is an alkyl or alkenyl group with a carbon number of 3-12, R 2 is a hy- 
droxy 1, car boxy 1, or lower alkoxyl group, and n is an integer in the range of 0-3. 

(2) Compounds in accordance with Claim (1), in which Ri is an alkyl group with a 
carbon number of 4-6. 

(3) Compounds in accordance with Claim (1), in which R2 is a carboxyl or lower 
alkoxycarbonyl group and n is 1. 

(4) Compounds in accordance with Claim (1), in which R2 is a hydroxyl group and n is 
0. 

(5) A lipoxygenase inhibitor of polyunsaturated fatty acids, with 
l-substituted-2-phenylindole derivatives expressed by the formula 



a) 

wherein Ri is an alkyl or alkenyl group with a carbon number of 3-12, R2 is a hy- 
droxyl, carboxyl, or lower alkoxyl group, and n is an integer in the range of 0-3 

and their pharmaceutically acceptable salts as effective ingredients. 



3. Detailed Explanation of Invention: 
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This invention concerns novel l-substituted-2-phenylindole derivatives. More 
specifically, it concerns l-substituted-2-phenylindole derivatives expressed by the 
formula 



wherein Ri is an alkyl or alkenyl group with a carbon number of 3-12, R 2 is a hy- 
droxyl, carboxyl, or lower alkoxyl group, and n is an integer in the range of 0-3 

and their salts. 

As the 2-phenylindole derivatives, 2-phenylindole derivatives in which the 
1 -position is unsubstituted, expressed by the formula 




B 



wherein A is a hydrogen atom, halogen atom, trifluoromethyl group, lower alkyl 
group, or lower alkoxy group and B is a hydrogen atom or lower alkyl group, 

have been proposed as compounds which are useful as antiinflammatories (Japan 
Patent Disclosure Bulletin No. 48-29767). 

The inventors discovered that 2-phenylindole derivatives expressed by formula 
(I) above, in which the 1 -position is substituted with alkyl or alkenyl groups with car- 
bon numbers of 3-12, are novel compounds unknown in the literature up to now, and 
that they have the activity of inhibiting lipoxygenases of specific polyunsaturated fatty 
acids. Thus, they arrived at this invention. 

Polyvalent unsaturated fatty acids, especially arachidonic acid, are constituents of 
phospholipids present in body membranes; they are liberated from the membranes in 
cells by various stimuli [e.g., inflammatory stimuli, antigen-antibody reactions (im- 
mune stimuli), etc.]. The liberated arachidonic acid is ordinary metabolized by 
cyclooxygenase and lipoxygenase, but it is thought that the slow-reacting substance of 
anaphylaxis (SRS-A), which is a metabolic product of this lipoxygenase, is a causative 
substance of allergic symptoms which contribute to allergic reactions. Moreover, per- 
oxy fatty acids which are lipoxidase metabolic products of the polyvalent unsaturated 
fatty acids have bad effects on the body, such as inhibiting the production of prostacy- 
clin, which has an important role in protecting body tissues. 

Up to now, 3-amino-l-(3-trifluoromethylphenyl)-2-pyrazoline (BW 755 C) and 
5,8,11,14-eicosatetraenoic acid have been known as inhibitors of lipoxygenases, but 
both of them are lacking in specificity; they not only inhibited lipoxygenases but also 
cy clooxy genases . 

Therefore, the compounds of formula (I), which are provided by this invention, 
have a unique activity, unknown up to now, of specifically inhibiting the lipoxy- 
genases of polyvalent unsaturated fatty acids, and effectively inhibit allergic reactions, 
such as asthma, allergic dermatitis, allergic rhinitis, food allergies, etc. They are also 
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very useful for inhibiting the production of peroxy fatty acids and protecting body 
tissues from these peroxides. 

In formula (I) above, the alkyl groups with carbon numbers of 3-12 shown by Ri 
may be linear or branched groups, e.g., n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, 
n-octyl, n-nonyl, n-decyl, n-dodecyl, isobutyl-3-methylbutyl, 4-methylpentyl, 

2- ethylhexyl, etc., groups. Among them, alkyl groups with carbon numbers of 4-6, 
especially the n-butyl group, are preferable. On the other hand, the alkenyl groups 
with carbon numbers of 3-12 may also be linear or branched groups, e.g., allyl, 

3- butenyl, 4-pentenyl, 5-hexenyl, 3-methyl-2-butenyl, etc., groups. 

The term "lower" in these Specifications means that the carbon numbers of the 
groups or compounds to which the groups referred to are attached are 6 or less, pref- 
erably 4 or less. 

Thus, "lower alkoxycarbonyl groups" are, for example, methoxycarbonyl, eth- 
oxy car bony 1, propoxycarbonyl, etc. groups. 

Typical examples of the compounds shown by formula (I), provided by this in- 
vention, are: 

l-n-propyl-2-(4-carboxymethylphenyl)indole, 

l-n-propyl-2-(4-hydroxyphenyl)indole, 

l-n-butyl-2-(4-carboxyphenyl)indole, 

l-n-butyl-2-(4-carboxymethylphenyl)indole, 

1 -n-butyl-2- [4-(2-carboxy ethy l)pheny 1] indole, 

l-n-butyl-2-(4-methoxycarbonylphenyl)indole, 

l-n-butyl-2-(4-ethoxycarbonylmethylphenyl)indole, 

l-n-butyl-2-(4-hydroxyphenyl)indole, 

l-n-butyl-2-(4-hydroxymethylphenyl)indole, 

1 -n-butyl-2- [4-(2-hy dr oxy e thy 1) phenyl] indole, 

1 -n-butyl-2- [4-(3-hy droxy pr opy l)pheny 1] indole, 

l-n-pentyl-2-(4-carboxyphenyl)indole, 

l-n-pentyl-2-(4-carboxymethylphenyl)indole, 

l-n-pentyl-2-(4-hydroxyphenyl)indole, 

l-n-pentyl-2-[4-(2-hydroxyethyl)phenyl]indole, 

l-n-hexyl-2-(4-carboxymethylphenyl)indole, 

l-n-hexyl-2-[4-(2-carboxyethyl)phenyl]indole, 

l-n-hexyl-2-(4-propoxycarbonylmethylphenyl)indole, 

l-n-hexyl-2- [4- (2-ethoxycarboxy ethyl) phenyl] indole, 

l-n-hexyl-2-(4-hydroxyphenyl)indole, 

l-n-hexyl-2-(4-hydroxymethylphenyl)indole, 
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l-n-hexyl-2-[4-(3-hydroxypropyl)phenyl]indole, 

l-n-heptyl-2-(4-carboxymethylphenyl)indole, 

l-n-octyl-2-(4-hydroxyphenyl)indole, 

l-n-octyl-2-(4-hydroxymethylphenyl)indole, 

l-n-nonyl-2-(4-carboxyphenyl)indole, 

l-n-decyl-2-(4-carboxymethylphenyl)indole, 

l-n-decyl-2-(4-hydroxyphenyl)indole, 

l-n-dodecyl-2-(4-hydroxyphenyl)indole, 

l-n-isobutyl-2-(4-carboxymethylphenyl)indole, 

l~n-isobutyl-2-[4-(2-carboxyethyl)phenyl]indole / 

l-n-isobutyl-2-(4-hydroxyphenyl)indole, 

l-(3-methylbutyl)-2-(4-carboxymethylphenyl)indole, 

l-(2-ethylhexyl)-2-(4-hydroxyphenyl)indole, 

l-allyl-2-(4-carboxymethylphenyl)indole, 

l-(3-butenyl)-2-(4-hydroxyphenyl)indole, 

l-(3-methyl-2-butenyl)-2-(4-hydroxyphenyl)indole, etc. 

Among these compounds of formula (I), those in which Ri is an alkyl group with 
a carbon number of 4-6, those in which R2 is a carboxyl or lower alkoxycarbonyl group 
and n = 1, and those in which R 2 is a hydroxyl group and n = 0 are desirable groups of 
compounds. 

The compounds of formula (I) in which R2 is a carboxyl group and those in which 
R2 is a carboxyl group and n = 0 can also be present in the form of a salt. This term 
"salt" means that the carboxyl or hydroxyl group of the compound of formula (I) be- 
comes -COO 9 or -O® and is bonded with a metal or an organic base, as mentioned 
below. 

Examples of the salts of the compounds of formula (I) are metallic salts, such as 
sodium, potassium, calcium, magnesium or aluminum salts, and organic salts, such as 
diethylamine, triethylamine, dicyclohexylamine, pyrrolidine, piperidine, morpholine, 
pyrridine, picoline, brucine, morphine, etc. Among these, salts which are pharmaceu- 
tical^ acceptable are preferable. 

The compounds of formula (I) can be produced by: 

(a) reacting compounds shown by 

* (ii) 

(wherein Ri has the meaning mentioned above) or their salts with compounds shown 
by 



* (HI) 

(wherein R 2 and n have the meanings mentioned above) or their salts to obtain com- 
pounds shown by 

(IV) 

(wherein Ri, R 2 , and n have the meanings mentioned above) or their salts, which are 
cyclized, or 

(b) alkylating (or alkenylating) compounds shown by 



(V) 

(wherein R 2 has the meaning mentioned above) or their salts in order to obtain com- 
pounds of formula (I) in which n = 0. 

In reaction (a) mentioned above, the reaction of the compounds shown by (II) or 
their salts and the compounds shown by (III) or their salts can ordinarily be performed 
in a suitable solvent, e.g., methanol, ethanol, propanol, or another alcohol, or tetrahy- 
drofuran, dioxane, or other ethers, or mixed solvents consisting of 2 or more of these 
solvents. The reaction temperature is not critical; it can be varied over a wide range 
according to the kinds of the starting raw materials and the kinds of solvents. In gen- 
eral, however, it is desirable to perform the reaction at a temperature from room tem- 
perature to the reflux temperature of the reaction mixture, and preferably a tempera- 
ture from 50°C to the reflux temperature of the reaction mixture. The reaction is com- 
pleted in several minutes to about 5 hours under these temperature conditions. 

Moreover, this reaction can be performed in the presence of a suitable catalyst. 
Examples of acid catalysts which can be used are organic acids, such as glacial acetic 
acid, and inorganic acids, such as sulfuric acid. These catalysts can generally be used in 
quantities in the range of about 1/1000 to 1/100 mole per mole of the compound of 
formula (II). Furthermore, if the compounds of formula (II) are used in the form of 
chloride or sulfate salts, the catalysts mentioned above are not particularly necessary. 

The quantity of the compounds of formula (III) or their salts used with respect to 
the compounds of formula (II) are not particularly limited, but this quantity is ordi- 
narily in the range of 1-1.1 mole. 

The compounds of formula (II) which are used as starting raw materials in this 
invention are at least partially already known [for example, seen /. Am. Chem. Soc, 77_, 
4052-4054 (1955) and /. Med. Chem., 19, 787-792 (1976)]. Furthermore, even when they 
are novel compounds, they can be produced in the same ways as known compounds. 

After the compounds of formula (IV) or their salts are produced by the reaction 
mentioned above, and if necessary isolated from the reaction mixtures according to the 
usual methods, they can be used in cyclization reactions. Furthermore, if the com- 
pounds of formula (II) in which R 2 is a carboxyl group are used as starting raw mate- 
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rials, and alcoholic solvents are used as the solvents, the corresponding compounds of 
formula (IV) in which R 2 is esterified may be produced; they can be used as is in the 
following reaction. 

The cyclization of the compounds of formula (IV) or their salts can be performed, 
for example, by treating the compounds of formula (IV) or their salts with polyphos- 
phoric acids (including mixtures of phosphorus pentaoxide and phosphoric acid in any 
desired proportions) or their organic esters, (e.g., lower alkyl esters such as poly- 
phosphoric acid ethyl ester or trialkylsilyl esters of polyphosphoric acid, such as 
trimethylsilyl ester of polyphosphoric acid), or by treating the compounds of formula 
(IV) or their salts with an acidic alcohol solvent, in a halogenated hydrocarbon such as 
methylene chloride, chloroform, carbon tetrachloride, or tetrachloroe thane. The former 
treatment with polyphosphoric acids or their organic esters is generally performed at a 
temperature in the range of 40-150°C, preferably 60-120°C, and the latter treatment 
with an acidic alcohol solvent (a saturated solution of anhydrous hydrogen chloride in 
an alcohol, e.g., methanol, ethanol, propanol, isopropanol, or ethylene glycol) is gen- 
erally performed at a temperature in the range from room temperature to the reflux 
temperature of the reaction mixture, preferably from room temperature to 40°C. 

The quantity of the aforementioned polyphosphoric acid or its organic esters is 
not critical, but ordinarily it is advantageous to use at least approximately an equal 
weight to that of the compound of formula (IV) or its salt, and preferably an excess 
quantity of 5-50 times by weight. Moreover, the aforementioned acidic alcohol solvent 
can be used in at least about 1 equivalent per mole of the compound of formula (IV) or 
its salt, and preferably in a large excess quantity, in terms of the equivalents of the acid 
in the alcohol solvent. Furthermore, if the treatment with an acidic alcohol is per- 
formed, the carboxyl group expressed by R 2 in the compound of formula (IV) may be 
esterified. 

According to reaction (b) mentioned above, the compound of formula (V) or its 
salt is alkylated (or alkenylated). The alkylation (or alkenylation) may be performed by 
using the compound of formula (V) in the form of a compound of formula 

i 

M (v-i) 

(wherein M is an alkyl metal, e.g., sodium, potassium, etc., and R 2 has the same 
meaning as above); it is reacted with a compound of formula 

X-R t (VI) 

(wherein X is a halogen atom, e.g., a chlorine, bromine, or iodine atom, or an acid 
residue, e.g., a tosyloxy, mesyloxy, etc., group, and Ri has the same meaning as above). 
Or it may be performed by reacting the compound of formula (V) with the aforemen- 
tioned compound of formula (VI) in the presence of a base. 

Examples of this base are sodium hydroxide, sodium methoxide, sodium amide, 
etc.; they can be used in a quantity of at least 1 equivalent, and preferably 1-1.5 
equivalents, per mole of the compound of formula (V). 
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The reaction of the compounds of formula (V) or formula (V-l) and the com- 
pounds of formula (VI) is ordinarily performed in a suitable solvent, e.g., an aromatic 
hydrocarbon, such as benzene, toluene, or xylene, an ether, such as tetrahydrofuran or 
ethyl ether, or dimethylformamide, dimethylsulf oxide, etc. The reaction temperature is 
not critical; it may be varied within a wide range according to the kinds of starting raw 
materials and solvent used. However, it is generally desirable for it to be in the range 
from room temperature to the reflux temperature of the reaction mixture, especially 
from 50°C to the reflux temperature of the reaction mixture. The reaction is completed 
within 1-10 hours under these temperature conditions. 

The quantity of the compound of formula (VI) used with respect to the compound 
of formula (V) [or formula ( V-l)] is not particularly limited, but it is ordinarily ad- 
vantageous for it to be within the range of 1-1.5 moles of the compound of formula (VI) 
per mole of the compound of formula (V). 

Furthermore, in the reaction mentioned above, if a compound of formula (V) in 
which R2 is a hydroxyl or carboxyl group is used as the starting raw material, it is de- 
sirable to protect the hydroxyl or carboxyl group beforehand. Examples of such pro- 
tective groups, in the case in which R 2 is a hydroxyl group, are ones which can be easily 
separated by hydrogenation, such as the benzyl group, and in the case in which R 2 is a 
carboxyl group, ones which can be easily separated by hydrogenation, in the same 
manner, and in addition, ones which can be easily separated by hydrolysis, such as 
alkyl esters. The target compounds can be obtained by separating these protective 
groups from the reaction product after the reaction by ordinary methods. Moreover, 
when the reaction mentioned above is performed with R2 in the compounds of formula 
(V) being the carboxyl group, an alkyl (or alkenyl) ester may be obtained correspond- 
ing to the alkylating (or alkenylating) agent of formula (VI), and these esters can be 
changed to the target compounds in which R2 is a carboxyl group by hydrolysis, ac- 
cording to the ordinary methods. 

In the reaction mentioned above, the compounds of formula (V) which are used 
as the starting raw materials can be easily produced by reacting compounds shown by 
formula 

(III-l) 

(wherein R2 has the same meaning as above) or their salts with compounds of formula 
(II) and compounds of formula (III), in the same manner as above, and the compounds 
of formula (IV) can be cyclized by cyclizing compounds shown by the formula 

\=/ (IV-l) 

(wherein R 2 has the same meaning as above) or their salts in the same manner as above. 

The compounds of formula (I) or their salts, obtained in this way, can be sepa- 
rated from the reaction mixtures and/ or purified by publicly known methods, e.g., 
extraction, filtration, distillation, recrystallization, column chromatography, thin layer 
chromatography, etc. 

The form of the free acid produced by the method produced by the method de- 



scribed above, that is, the compounds of formula (I) when R 2 is a carboxyl group, can 
be changed, if desired to a salt or lower alkyl ester. The conversion of the free acid form 
of the compounds of formula (I) to the salt or ester forms can be done by publicly 
known methods, e.g., treating them with an organic or inorganic base or a lower al- 
cohol in a suitable inert solvent, or without a solvent, according to ordinary methods. 
The conversion of the compounds of formula (I) in which R 2 is a hydroxyl group to a 
corresponding salt can be done by, for example, treating them with organic or inor- 
ganic bases in a suitable inert solvent, or without a solvent, according to ordinary 
methods. 

Furthermore, the compounds of formula (I) in which R2 is a carboxyl or lower 
alkoxycarbonyl group can be converted to the compounds of formula (I) in which the 
integer n is one greater than in the starting substance and the R 2 is a hydroxyl group by 
reducing them with a complex metal hydroxide, such as lithium aluminum hydride, 
for example, in a suitable inert organic solvent, according to ordinary methods. 

On the other hand, if desired, compounds of formula (I) in the forms of salts or 
esters can be converted to the corresponding compounds of formula (I) when R 2 is a 
hydroxyl or carboxyl group by, for example, hydrolysis or saponification by publicly 
known methods. 

The compounds of formula (I) which are provided by this invention, which was 
explained above, have the activity of inhibiting the production of lipoxygenase meta- 
bolic products by selectively inhibiting lipoxygenases of polyunsaturated fatty acids 
which are present in body membranes, such as linolic acid, linolenic acid, di- 
homo-y-linolenic acid, arachidonic acid, eicosapentaenoic acid, etc., as mentioned 
above. Therefore, the compounds of formula (I) of this invention are effective in inhib- 
iting various physiological activities which are undesirable for the body and which are 
caused by the contributions of lipoxygenase metabolic products. 

For example, compounds of formula (I) of this invention inhibit the production of 
5-hydroperoxyeicosatetraenoic acid (5-HPETE), a 5-lipoxygenase metabolic product of 
arachidonic acid, and this is confirmed by the fact that the productions of 
5-hydroxyeicosatetraenoic acid (5-HETE) and 5,12-dihydroxyeicosatetraenoic acid (5, 
12-diHETE) are inhibited. Since this 5-HPETE is an important intermediate of SRS-A, 
which is a substance which induces immediate allergies, the compounds of formula (I) 
of this invention are effective in inhibiting immediate allergic reactions. 

Moreover, the compounds of formula (I) of this invention also inhibit the pro- 
duction of various peroxy fatty acids, which are lipoxygenase metabolic products of 
polyunsaturated fatty acids. For example, besides 5-HPETE, it also imhibits the pro- 
duction of 12-hydroperoxyeicosatetraenoic acid (12-HPETE), a 12-lipoxygenase meta- 
bolic product of arachidonic acid. Peroxy fatty acids have bad effects on the body in 
general, such as inhibiting the production of prostacyclins, which play an important 
role in the defense of body tissues; Therefore, the compounds of formula (I) of this in- 
vention are useful in preventing and treating thromboses, arteriosclerosis, etc., by de- 
fending body tissues from these peroxides. 

Therefore, the compounds of formula (I) provided by this invention show many 
pharmacological activities, such as anti-asthmatic and anti-allergic activities, im- 
provement of arteriosclerosis, improvement of atheromatous arteriosclerosis, im- 
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provement of the tendency towards platelet coagulation, improvement of renal, cere- 
bral, and cardiac blood vessel systems, and immunoregulation. They can be used, for 
example, as anti-asthmatic agents, anti-allergy agents (for preventing and treating al- 
lergic dermatitis, allergic rhinitis, food allergies, etc.), anti-thrombotic agents, agents 
for improving cerebral circulation, agents for improving coronary blood vessels, agents 
for treating ischemic myocardial infarctions, and immunoregulating agents. 

The fact that the compounds of formula (I) of this invention have the activity of 
selectively inhibiting lipoxygenases of polyunsaturated fatty acids will be proven by 
the experiment described below. 

Experiment 

The activity of the compounds of this invention in inhibiting the activities of 
5-lipoxygenase and cyclooxygenase were measured by the method of Siegal et al. 
[Prostaglandins, Vol. 21, p. 123 (1981)]. 

That is, the white blood cells in the exudates obtained from the pleural cavities of 
rats with carrageenan-induced pleuritis (90% or more polymorphonuclear; containing 
large quantities of 5-lipoxygenase) were suspended in a 50 mM Tris-hydrochloric acid 
buffer solution (pH 7.4) containing 100 mM sodium chloride and 1 mM calcium chlo- 
ride. The study drugs, 14 C arachidonic acid, and calcium ionophore (A23187) were added 
to a specific quantity of this white blood cell suspension and incubation was performed 
for 2 minutes. The 14 C arachidonic acid metabolite produced was fractionated by thin 
layer chromatography (silica gel, plastic plate, developer solvent: hexane : diethyl ether 
: acetic acid = 40 : 60 : 2). After the thin layer plates were exposed to X-ray film, the 
arachidonic acid metabolite fractions were identified by comparing them with stan- 
dard ones; the corresponding fractions and the other radioactive fractions were gath- 
ered. The radioactivities of the fractions were measured by means of a liquid scintilla- 
tion counter and the percentages of the radioactivities of the fractions with respect to 
the total radioactivity (production rates) were obtained. The inhibition rates of the 
study drugs were obtained with respect to the synthesis abilities of the fractions, using 
these production rates as indices. 

For the lipoxygenase activities, the productions of 
5S-hydroxy-6,8,ll,14-eicosatetraenoic acid (5-HETE) and 

5S,12R-dihydroxy-6,8,10,14-eicosatetraenoic acid (5,1 2-diHETE) were used as the in- 
dices; for the cyclooxygenase activity, the production of 12-hydroxyheptadecatrienoic 
acid (HHT) was used as the index. 

Moreover, all of the study drugs were used by dissolving them in 10% di- 
methylsulf oxide solutions. Furthermore, the final concentration of the dimethylsul- 
f oxide in the assay was 2.5%. 

The results are shown in the following table. 



Table 
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Compound 


Concentra- 
tion (uM) 


Inhibitory activity (%) 


Ri 


n 


R2 


5, 12-diHETE 


5-HETE 


HHT 


n-C 4 H 9 


0 


-COOH 


50 


87 


93 


None 


n-C 4 H 9 


1 


-COOH 


50 


93 


96 


None 


11-C4H9 


2 


-COOH 


50 


88 


94 


None 


11-C4H9 


3 


-COOH 


50 


88 


93 


None 


11-C4H9 


0 


-OH 


5 


75 


77 


None 


n-C6Hio 


1 


-COOH 


50 


91 


96 


None 


BW 755 C (publicly known compound 
with an activity of inhibiting lipoxy- 
genases^ 


50 


62 


53 


89 



The compounds of formula (I) of this invention can be administered orally or 
non-orally (for example, by intramuscular, intravenous, subcutaneous, rectal, trans- 
dermal, etc., administration) to human beings or other warm-blooded animals in order 
to treat or prevent various diseases induced by the contributions of lipoxygenase me- 
tabolites. 

The compounds of this invention, when used as drugs, can be prepared in vari- 
ous forms suitable for oral or non-oral administration. For example, the compounds of 
this invention can be prepared by using additives such as non-toxic excipients, binders, 
lubricants, disintegrating agents, preservative, isotonic agents, stabilizers, dispersants, 
anti-oxidants, coloring agents, flavoring agents, buffering agents, spraying agents, 
surface active agents, etc. 

These drugs can be prepared in various formulation types, according to their ap- 
plications, such as tablets, capsules, granules, powders, fine granules, pills, troches, 
suppositories, unguents, injectable drugs, syrups, aerosols, etc. Examples of the 
aforementioned non-toxic additives which can be used are starches, gelatin, glucose, 
lactose, fructose, maltose, magnesium carbonate, talc, magnesium stearate, methyl 
cellulose, carboxymethyl cellulose or its salts, gum Arabic, polyethylene glycol, 
p-hydroxybenzoic acid alkyl esters, syrups, ethanol, propylene glycol, vaseline, carbo 
wax, glycerol, sodium chloride, sodium sulfite, sodium phosphate, citric acid, di- 
chlorodifluoromethane, 1,2-dichlorotetrafluoroe thane, sorbitan trioleate, etc. These 
drugs can also contain various other drugs which are pharmaceutically useful. 

The quantities in which the compounds of this invention are administered can be 
varied over a wide range, depending on the kinds of warm-blood animals (including 
human beings) to which they are administered, the administration routes, severities of 
the symptoms, physician's diagnoses, etc., but in general, the doses may be 0.1-50 
mg/kg per day, preferably 0.2-20 mg/kg per day. However, the doses may also of 
course be lower than these lower limits or higher than these higher limits, depending 
on the severity of the patient's symptoms and the diagnosis of the physician. These 
doses can be administered once a day or divided into several parts. 

This invention will be explained in more detail below by giving working and 
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reference examples 
Working Example 1 

(a) 4.12 g 4-acetyl phenyl ethyl acetate and 3.28 g N-n-butyl phenylhydrazone were 
refluxed for 2 hours in the presence of a catalytic quantity of glacial acetic acid in 30 ml 
ethanol. After the reaction mixture was cooled, it was poured into water and benzene 
extraction was performed. The organic layer was washed with water and dried, after 
which the solvent was distilled off and 4-acetyl phenyl ethyl acetate N-n-butyl 
phenylhydrazone was obtained. 

(b) The hydrazone obtained and 70 g polyphosphoric acid were stirred for 1 hour at 
70°C. After the reaction was finished, cold water was added and benzene extraction 
was performed. The organic layer was washed with water and dried, after which the 
solvent was distilled off. The residue was treated with silica gel column chromatog- 
raphy; 2.5 g oily l-n-butyl-2-(4-ethoxycarbonylmethylphenyl)indole were obtained. 

(c) The ester obtained was dissolved in 30 ml ethanol and 10 ml 4N-sodium hy- 
droxide aqueous solution were added; refluxing was performed for 30 minutes. After 
the reaction was completed, the ethanol was distilled off, water was added, and acidi- 
fication was performed with 2N hydrochloric acid, while cooling. The precipitated 
crystals were filtered out and washed with water, after which they were recrystallized 
from ether-cyclohexane, and 2 g l-n-butyl-2-(4-carboxymethylphenyl) indole were ob- 
tained. 

Melting point: 126.3-127.1°C 
IR: vKB Wl : 170 o 

NMR: 5(CD 3)2 so ppm . 0.6-1.8 (7H, m), 3.65 (2H, s), 4.06-4.3 (2H, t, J=8Hz), 6.5 (1H, s), 
7.0-7.62 (8H, m) 

MAS, m/e: 307 
Working Example 2 

(a) 2.34 g 4-acetyl ethyl benzoate and 2 g N-n-butyl phenylhydrazine were treated 
in the same manner as in process (a) of Working Example 1 and 4-acetyl ethyl benzoate 
N-n-butyl phenylhydrazone was obtained. 

(b) The hydrazone obtained and 50 g polyphosphoric acid were treated in the same 
manner as in process (b) of Working Example 1 and 
l-n-butyl-2-(4-ethoxycarbonylphenyl)indole was obtained. 

(c) The ester obtained was hydrolyzed in the same manner as in process (c) of 
Working Example 1, and 0.69 g 1-n-buty 1-2- (4-car boxy phenyl)indole was obtained. 

Melting point: 88.3-189.5°C [some digits hard to read - Translator's note] 

IR: v^ r cm-i : 1680, 1610 

NMR: 8(CD 3 ) 2 so ppm : 0.6-1.7 (7H, m), 4.2 (2H, t, J=7Hz), 6.57 (1H, s), 6.97-8.12 (8H, m) 
MAS, m/e: 293 
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Working Example 3 

(a) 3.3 g 3-(4-acetylphenyl) ethyl propionate and 2.46 g N-n-butyl phenylhydrazi 
were treated in the same manner as in process (a) of Working Example 1 and 
3-(4-acetylphenyl) ethyl propionate N-n-butyl phenylhydrazone was obtained. 

(b) The hydrazine obtained and 70 g poly phosphoric acid were treated in the sar 
manner as in process (b) of Working Example 1 and 
l-n-butyl-2-[4-(2-ethoxycarbonylethyl)phenyl]indole was obtained. 

(c) The ester obtained was hydrolyzed in the same manner as in process (c) of 

Working Example 1, and 0.6 g l-n-butyl-2-[4-(2-ethoxycarbonylethyl)phenyllindole 
was obtained. 

Melting point: 109.4-1 09.9°C 
IR: v K BWi : 1700 

NMR: S(cr> 3 ) 2 so ppm . Q.5-2 (7H, m), 2.85 (4H, m), 4.1 (2H, t, J=8Hz), 6.45 (1H, s), 7.0-7.7 
(8H, m) 

MAS, m/e: 321 



Working Example 4 

(a) 3.15 g 4-(4-acetylphenyl) ethyl butyrate and 2.46 g N-n-butyl phenylhydrazine 
were treated in the same manner as in process (a) of Working Example 1 and 
4-(4-acetylphenyl) ethyl butyrate N-n-butyl phenylhydrazone was obtained. 

(b) The hydrazone obtained and 70 g polyphosphoric acid were treated in the sami 
manner as in process (b) of Working Example 1 and 

1 -n-butyl-2- [4-(3-ethoxycarbony lpr opyl)phenyl] indole was obtained . 

(c) The ester obtained was hydrolyzed in the same manner as in process (c) of 
Working Example 1, and 0.3 g 1 -n-butyl-2- [4- (3-carboxypropyl) phenyl] indole was ob- 
tained. 

Melting point: 79.0-79.5°C 
IR: vKB Wl - 1700 

NMR: 5(CD 3 ) 2 so ppm . q.5-2.8 (13H, m), 4.17 (2H, t, J=7Hz), 6.43 (1H, s), 6.95-7.6 (8H, m) 
MAS, m/e: 335 



Working Example 5 

(a) 3.09 g 4-acetylphenyl ethyl acetate and 2.88 g N-n-hexyl phenylhydrazine were 
treated in the same manner as in process (a) of Working Example 1 and 4-acetylphenyl 
ethyl acetate N-n-butyl phenylhydrazone was obtained. 

(b) The hydrazone obtained and 70 g polyphosphoric acid were treated in the same 
manner as in process (b) of Working Example 1 and 
l-n-hexyl-2-(4-ethoxycarbonylmethylphenyl)indole was obtained. 
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(c) The ester obtained was hydrolyzed in the same manner as in process (c) of 
Working Example 1, and 1.08 g oily 1 -n-hexy l-2-(4-car boxy methylphenyl) indole were 
obtained. 

IR: v™^cm-i . 1710 

NMR: 5CDci 2ppm . 0 .7-1.9 (11H, m), 3.69 (2H, s), 4.1 (2H, t, J=7Hz), 6.46 (1H, s), 7 0-7 7 
(8H, m), 8.88 (1H, s) 

MAS, m/e: 335 



Working Example 6 

(a) 3.09 g 4-acetylphenyl ethyl acetate and 3.3 g N-n-octyl phenylhydrazine were 
treated in the same manner as in process (a) of Working Example 1 and 
4-acetylphenylacetic acid ethyl ester N-n-butyl phenylhydrazone was obtained. 

(b) The hydrazone obtained and 70 g poly phosphoric acid were treated in the same 
manner as in process (b) of Working Example 1 and 
l-n-octyl-2-(4-ethoxycarbonylmethylphenyl)indole was obtained. 

(c) The ester obtained was hydrolyzed in the same manner as in process (c) of 
Working Example 1, and 1.6 g l-n-octyl-2-(4-carboxymethylphenyl)indole were ob- 
tained. 

Melting point: 76.0-82.2°C 
IR: v^at cnvl . 170 o 

NMR: 5(CD 3 ) 2 so ppm . 0 .8-1.9 (15H, m), 3.63 (2H, s), 4.17 (2H, t, J=7Hz), 6.46 (1H, s), 7.0-7.7 
(8H, m) 

MAS, m/e: 363 



Working Example 7 

(a) 2.04 g 4-acetylphenyl and 2.46 g N-n-butyl phenylhydrazine were treated in the 
same manner as in process (a) of Working Example 1 and 4-acetylphenyl 
N-n-butylphenylhydrazone was obtained. 

(b) The hydrazone obtained and 70 g polyphosphoric acid were treated in the same 
manner as in process (b) of Working Example 1 and 60 mg 
l-n-butyl-2-(4-hydroxyphenyl)indole was obtained. 

Melting point: 112.6-115.5°C 

IR: v KB Wi : 3240 

MAS, m/e: 265 



Working Example 8 

0.5 g l-n-butyl-2-(4-ethoxycarbonylphenyl)indole was dissolved in dry ether and 60 
mg lithium aluminum hydride were dropped into the solution, a little at a time, while 
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cooling with ice; stirring was performed for 1 hour at room temperature. After the re- 
action, the excess reagent was decomposed with water-saturated ether. The organic 
layer was washed with water and dried, after which the solvent was distilled off and 
U.37 g l-n-butyl-2-(4-hydroxymethylphenyl)indole was obtained. 
IR: v^Wi . 334 0 

™% 8 ™-7 P 65?8™ mf ^ ^ (1H ' S> ' (2H ' J=8HZ> ' 4 (2H ' S) ' 6 47 (1H ' 
Working Example 9 

drvX^ndur'l ^-(4-ethoxycarbonylmethylphenyl)indole were dissolved in 30 ml 
dry ether and 140 mg lithium aluminum hydride were dropped into the solution a 
little at a time, while cooling with ice; stirring was performed for 1 hour at room tem- 
perature After the reaction, the excess reagent was decomposed with ice water- 2N 
hydrochloric acid was added, and stirring was performed for 1 hour, after which the 
organic layer was washed with water and dried. The solvent was distilled off and the 
residue obtained was recrystallized from cyclohexane; 500 mg 
l-n-butyl-2-[4-(2-hydroxyethyl)phenyl]indole were obtained. 
Melting point: 69.6-70.9°C 

NMR 6.S fe™-"^ ">) " (2H ' ,=SH2> - 3 " 9 (2H ' *' ^ 412 < 2 "- *' ^ 
MAS, m/e: 293 

Working Example 10 

(a) 7.27 g 4-acetyl ethyl benzoate and 4.5 g phenylhydrazine were dissolved in 50 ml 
ethanol and refluxed for 1 hour in the presence of a catalytic quantity of glacial acetic 
acid. After the reaction mixture was cooled, it was poured into water and benzene ex- 
traction was performed. The organic layer was washed with water and dried, after 
obtained 6 S ° ^ diStillGd ° ff and 4 - acet Y l eth y! benzoate phenylhydrazine was 

. oS^ T1 l e , hyd r Zine obtained and 120 8 polyphosphoric acid were stirred for 3 hours 
at 90 C. After the reaction was finished, cold water was added and the precipitated 
crystals were filtered out and washed with water. The crude crystals were dissolved in 
y r,^ ? ran er ' washed with water ' and dried, after which the solvent was dis- 
tilled off. 7.4 g 2-(4-ethoxycarbonylphenyl)indole were obtained. 

Melting point: 214.8-217.1°C 
IR: v^cm-i : 3340, 1685, 1600 

NMR: : 1.35 (3H, t, J=7Hz), 3.7 (1H, broad), 4.33 (2H, q, J=Hz), 6.95-7.65 (4H, 

m), 8.0 (4H, s) v 

MAS, m/e: 265 

(c) 4 g 2-(4-ethoxycarbonylphenyl)indole were dissolved in 100 ml dimethylfor- 
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w^w!, ? S % S ° d 7 m hvdroxide ™«* ^ded, a little at a time, while cooline 
with water; stirring was performed for 1 hour at room temperature. Next 2 25 * 

forrnl^f , """"^ ^ drOPPed int ° the S ° luti °" and stirring wafpfr- 

o„ . S ? r °° m tem P erature " Af ^ the reaction, ice water wSs added to the 
reaction mixture and extraction was performed with ethyl acetate. The organic layer 
was washed [with water and dried, after which the solvent was distilled cftSS 
due obtained was purified by silica gel column chromatography, and 0.5 g 

lK3-methyl-2-butenyl)-2-(4-ethoxycarbonylphenyl)indole was obtained. 
Melting point: 77.4-79.2°C 
IR: vKBr cm l . 1710 

MAS, m/e: 333 

(d) 0.3 g l-(3-methyl-2-butenyl)-2-(4-ethoxycarbonylphenyl)indole was hydrolyzed 
in the same manner as in process (c) of Working Example 1, and 0.15 * 7 7 

l-(3-methyl-2-butenyl)-2-(4-carboxyphenyl)indole was obtained. 
Melting point: 227.2-230.1 °C 
IR: vKBTcm-i : 1680, 1600 

NMR 7.0^8H,mf (6H ' S> ' (2H ' d ' J=6HZ) ' 515 (1H ' J=6HZ) ' 66 < 1H ' s )' 
MAS, m/e: 305 

Reference Example 1 

X S ? niCkGl Were washed distilled water and then n-hexanol, after 

which 50 ml aniline and 100 ml n-hexanol were added and stirring was performed for 
16 hours while heating. After the reaction was completed, the product was cooled, me 
catalyst was filtered out, and the filtrate was concentrated. The residue obtained was 
dissolved m ether and washed with water and dried. After this, the solvent was dis- 
obtalned rCSU evaporated under a vacuum; 65.3 g N-n-hexylaniline were 

Boiling point: 143°C/14 mmHg 

IR: vN^., . 3405 2 940, 2860, 1605, 1505, 1325, 750, 695 

NMR: 8CDa 2ppm . 09 (3H , t)/ 135 (gH m) 3 Q6 (2R t) ^ ^ g) 6 45 7 3 (5H m) 

(b) 8.85 g N-n-hexylaniline were dissolved in 20 ml acetic acid and 3 45 g of an 
aqueous solution of sodium sulfite was dropped into the solution while ice cooling was 
performed; stirring was performed at room temperature for 30 minutes After the re- 
action the reaction mixture was poured into water and benzene extraction was per- 
formed The result was washed with water and dried, after which the solvent was dis- 
tilled off. The residue obtained was dissolved in 100 ml acetic acid and 15 ml water 
were added; 9 g zinc powder were added, a little at a time, while stirring After the 
reaction was performed for 1 hour, the unreacted zinc powder was filtered out; water 
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was added to the filtrate and ethyl acetate extraction was performed. The organic laver 

Nn hexv, I," ,r a H ter ^ ^ **** **** -^ntwas distilled off, Sd 7 7 g 
JN-n-hexyl phenylhydrazine were obtained. 8 

IR: v^W-, . 3400/ 2 950, 2880, 1605 

NMR: 8CDC 2ppm . 0 . 7 -1.9 (1H ^ 3^ (2H ^ J=8H ^ ^ ^ ^ ^ ^ 

Reference Example 2 

( , a) . 5 ° ^/niline and 100 ml n-octanol were treated in the same manner as in proc- 
ess (a) of Reference Example 1 and 40 g N-n-octylaniline were obtained P 
Boiling point: 105-110°C°C/0.3 mmHg 
IR: vNaa^., • 3400, 2940, 2860, 1605, 1505, 750, 690 

NMR: 6CDc l2ppm . 088 (3H/ t) 13Q ^ m) 3 Qg ^ ^ ^ ^ ^ ^ ^ 

hJE/-°"^ S N - n " oct y laniline ' 23 ml acetic acid, and 3.45 g sodium sulfite were 

Smed and ft O ^ "Tf M " Pr ° CeSS (b) ° f Referenc « Example 1. The residue ob- 
tained and 10 g zinc powder were treated in the same manner as in process (b) of Ref- 
erence Example 1, and 10.1 g N-n-octylphenyl hydrazine were obtained. W 
NMR: 8™ 2ppm : 0 . 7 -2.0 (15H, m), 3.34 (2H, t, J=8Hz), 3.4 (2H, s), 6.45-7.4 (5H, m) 
shown Sl P ' e ° f ^ pr ° duCtion of a dru S containing a compound of this invention is 

Production Example A: Capsules 
Formula tion 1-a 50 mg capsules 

mg/ capsule 

Active ingredient 50 

Starch 3Q 

Lactose 27g 
Magnesium stearate 2 2 



110 mg 

Formulation 1-b 100 mg capsules 

mg/ capsule 

Active ingredient 10Q 

Starch „ 

60 

Lactose - 

55.6 

Magnesium stearate 4 4 
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220 mg 

The active ingredient was pulverized thoroughly and the starch, lactic acid and 

ZSST mixed with * Af ter thoroush ^ the c ~ — 



Production Example B: Aerosol 
Formulation 2 

Active ingredient ^ _ 

1.5 

Sorbitan trioleate ^ 

Dichlorodifluoromethane r- 0 tr 

oo.o 

1,2-Dichlorotetrafluoroethane 39 0 



100% 

The dichlorodifluoromethane was cooled to -55°C and the sorbitan trioleate was 
dispersed in it by means of a high-speed shear mixer. Next, the active ingredient was 
dispersed m the result, and the 1,2-dichlorotetrafluoroethane was addedf an aerosT 
container was filled with this dispersion. 

Applicant: Teikoku Hormone Manufacturing Co., Ltd. 
Agent:Hirayoshi Odajima, Patent Attorney 

Hiromasa Ezumi, Patent Attorney 
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